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A Method of Evaluating Seeing Distances on 
a Straight Road for Vehicle Meeting Beams 


By V. J. JEHU, M\Sc., A.Inst.P. 


Summary 


_ The paper describes a method of calculating the distances at which 
objects may be seen in the light of a driver's own headlamps when one 
vehicle meets another on a straight road. It is based on experimentally 
determined seeing distances for beams of uniform intensity, obtained when 
the observer’s vehicle was moving at 30 miles per hour and the glare lamp 
was stationary. The data, which were obtained for a given road width 
and position of the test object, are extended to other widths and object 
positions by means of the Stiles-Holladay law that the effect of a glaring 
light varies inversely as the square of the angular separation between the 
glare source and the line of sight. 

The method has been used to evaluate seeing distances for four object 
positions across the road for a meeting beam typical of current British and 
American practice in which the beams are deflected to the nearside, The 
results show that with this system of lighting the minimum seeing distance 
for an object in the nearside lane occurs when the object is somewhat nearer 
the driver than the opposing lamps, and that the value of the minimum 
direct seeing distance varies considerably with the position of the object 
across the road. fs 

Comparisons between calculation and measured seeing distances in trials 
in which both vehicles were moving are in good agreement for objects 
along the nearside of the road. At other object positions comparison is 
not possible at present because the experimental evidence available is 
insufficient. 


Introduction 


The comparison of the performance of two different meeting beams by purely 
experimental methods is a tedious and difficult process. It was found, for example, 
that when trials were carried out in Holland in 1949(!) to compare the seeing distances 
obtained with various types of meeting beam on straight roads, differences due to the 
beam distributions were masked by the variability of the results. In the present 
paper a method is described by which seeing-distance curves can be calculated for 
a given beam distribution from a relationship found experimentally between the more 
important parameters involved in a particular meeting situation. This method of 
approach simplifies the experimental technique, and the results can be applied to 
any desired meeting beam. Differences in the seeing-distance curves obtained by 
the method are therefore due solely to differences in the beam distributions. Other 
advantages of the method are that it can be applied to many more meeting situations 
than it would be possible to examine by means of full-scale trials, and that it avoids 
some of the difficulties which arise when it is desired to compare results obtained 
by one set of experimenters with those obtained elsewhere by others in slightly different 
experimental conditions, as when tests are carried out in different countries. 


Outline of Method 


Briefly, the method used to evaluate seeing distances for opposing meeting beams 
is as follows. By tests using beams of uniform intensity the relationship has been 
found between the intensity directed at a specified object, the glaring intensity of the 
opposing stationary lamp, and the distance away at which the object was identified by 
an observer in a moving vehicle. The data obtained make it possible to evaluate 
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the beam intensities needed at various distances to see the object in its standardised 
position relative to the glare lamp, when the glaring intensities of a given meeting 
beam are evaluated from its beam distribution diagram. The distance at which the 
required beam intensity and that actually directed at the object are the same is 
the distance at which the object will first be recognised. The law that the effect of a 
glaring light varies inversely as the square of the angular separation between the 
glare source and the line of sight, enables the basic data to be extended to deal 
with other object positions, so that seeing distances can be evaluated for meeting 
beams from more than one lamp and for a variety of object positions. 


The Meeting Situation 


When two vehicles meet at night an object on the road between the vehicles 
may be seen either as a dark silhouette against the patch of road surface brightened 
by the lamps of the oncoming vehicle, or it may be seen directly in the light of the 
driver’s own headlamps. “ Silhouette seeing” usually occurs during the earlier stages 
of a meeting situation and is not considered in this paper. 

Whether or not a driver can see an object on the road in his own meeting beam 
will depend on a number of factors. The most important of these are the luminance 
factor of the object, its position across the road with respect to the opposing meeting 
beam, the distance between the vehicles, the beam intensity aimed at the object by 
the driver’s meeting beam, and the glaring intensity to which he is subjected from 
the opposing beam. Other less important factors influencing the seeing distance at 
a given instant are the contrast between the object and its background which will be 
different for different road surfaces, and the whole beam distribution of the two 
opposing meeting beams, of which the particular beam intensity on the object and 
the glaring intensity form only a part. Experiments suggest, however, that under 
clear weather conditions these factors do not greatly influence observations made in 
a moving car, and they have been ignored in this paper. 

Because the object of the calculations is to compare the performance of different 
types of meeting beam, the luminance factor of the object can be standardised, so 
that for a specific position of the object with respect to the opposing beam the beam 
intensity aimed at the object and the intensity of the glare will largely determine the 
distance ahead at which the object will be seen. The relationship between these three 
factors has been determined experimentally for a standard test situation. 


Basic Data 


Measurements were made at 30 miles per hour on a straight road, of the distances 
at which the shape of an object having a luminance factor of 7 per cent. was recog- 
nised. To ensure a constant beam intensity directed at the object during the test runs, 
a headlight was used giving a uniform intensity over a spread of 8 deg. both horizontally 
and vertically. The glaring intensity was kept constant by using a beam with a 
horizontal spread of 20 deg. mounted at the same height above ground as the observer's 
eyes. Only one lamp was used to give each beam. Between test runs the intensities 
of the opposing beams could be varied by alteration of the supply voltages. 

The test objects, a circle of diameter 1 ft. 6 in. and a rectangle 1 ft. 9 in. by 1 ft, 
were placed on the road at a sideways separation of 10 ft. from the glare source and 
10 ft. behind it. The objects were, therefore, always recognised by direct vision and 
never as a silhouette against an area of road surface lighted by the glaring lamp. 
poe rectangle was placed with its long or short sides vertical according to random 
choice. 

In this way the relationship shown in Fig. 1 was found between the intensity 
of the beam directed at the object, the glaring intensity, and the distance at which 


58 


Trans. Illum. Eng. Soc. (London, 











Fig. . 
betwee 
beam 

at an ¢ 
intens 


such 
direc 
obse 
prac 
For 

actu; 
obse 


Vol, 













ised 
ting 
the 
e is 
of a 
the 
deal 
ting 


icles 
ned 

the 
ages 


eam 
ance 
ting 
t by 
rom 
e at 
1 be 
two 
and 
nder 
e in 


rent 
|, 80 
eam 
the 
hree 


nces 
cog: 
“unS, 
tally 
th a 
ver's 
sities 


1 ft., 
and 
and 

amp. 

dom 


nsity 
shich 


naoni, 


EVALUATING SEEING 





DISTANCES ON A STRAIGHT ROAD FOR MEETING BEAMS 








Object position 


Luminance factor 





1Oft. to side of opposing 
lamp ond |Oft behind it 
































of object 7 per cent 
% 
+ Mean height of 
\ laa? 18 in 
ae Cor speed 3O mph 
Fig. |. The relation & 
. . 2 
between seeing distance, & ia Tomas oct 
beam intensity directed % ‘oe 
at an object,and glaring a 
intensity. = re———__ eine 
8 
z —“=———— $000 
< 
ra} Peers 
2 a ee 2000 
3 
| 
| 
° 1000 2000 3O0o 4000 








GLARING INTENSITY — condelos 


the shape of the object was recognised. The curves of Fig. 1 are based on the 
smoothed-out curves of the results of. one observer. Since the object is mainly to 
obtain comparative figures for seeing distance, little significance attaches to the fact 
that these results are not necessarily those of the average observer. It is known that 
the observer has normal vision with spectacles, and obtains results in such tests which 
are compatible with those of other observers. 

The constant factors in the situation to which the results of Fig. | apply are :-— 

(1) the position of the object in relation to the glare lamps, 

(2) the distance between the path of the driver of the vehicle and the glare lamps, 

(3) the area and approximate shape of the object, 

(4) the luminance factor of the object, 

(5) the luminance factor of the background, and 

(6) the speed of the vehicle. 


Assumptions Underlying the Method of Calculation 


In applying the results obtained with opposing uniform beams to actual meeting 
beams the following assumptions are made :— 

(i) it is assumed that differences in the !uminance of the road surface, due to 
differences between the distribution of light from the test lamps and from 
those lamps for which the calculations are made, do not affect seeing distance; 

(ii) it is assumed that when beams of non-uniform intensity are used, the seeing 
distance at any moment depends on the intensities responsible for glare and 
for illumination at that moment; 

(iii) it is assumed that the whole of an object 18 in. high must be illuminated 

by a beam of at least the intensity given by Fig. 1 before it is seen. 

The beam distributions of the lamps used to obtain the experimental results were 
such that the intensity of the beam directed at the object and also the glaring intensity 
directed towards the observer were independent of the relative positions of object, 
observer’s vehicle and glare source over the measured range of seeing distances. With 
practical meeting beams, however, these intensities vary with the relative positions. 
For this reason it is necessary, when applying the relationship given in Fig. 1 to 
actual meeting beams, to consider not only the distance of the glare source and the 
observer from the object but also their heights above the road. In this paper the 
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observer's eye height has been assumed to be 50 in. and the lamp height 30 in, 
these values being fairly typical for modern cars. 


Method of Calculation 


The basic data, which give the seeing distance of a given object as a function 
of the illuminating intensity and the glaring intensity, may be used to find the seeing 
distance on the same test layout for any combination of single-lamp meeting beams 
by considering at each separation of the vehicles the intensity illuminating the object 
and the intensity from the glaring source. As already stated, these intensities will 
vary with the separation of the vehicles for practical meeting beams. The way in 
which they vary can be found by considering the geometry of the meeting situation 
in relation to the beam distributions of the opposing lamps. The relation between 
glaring intensity and distance between the vehicles can be converted by means of 
Fig. 1 into beam intensities, which must be aimed at the object in order that it may 
be seen through the glare. If for a given distance between the vehicles the actual 
intensity aimed at the object exceeds that shown to be necessary by Fig. 1, the object 
will be visible. The distance at which the required beam intensity and the actual 
intensity aimed at the object are the same is the distance at which the object will first 
be recognised. 

So far the situation being considered is the same as that of the basic test, i.e,, 
the opposing beams come from single lamps, the object is restricted to a definite 
position relative to the glaring vehicle, and the road has a definite width. The work 
may be freed from these restrictions, however, by virtue of the Stiles-Holladay relation 
which states that the glaring effect of a light is inversely proportional to the square of 
the angle between the direction of the light and the line of vision(?). This was 
established for the effect of glare on just perceptible differences of luminance under 
laboratory conditions, but there is some reason to suppose that it holds for conditions 
such as those under discussion. Assuming this law the basic data found for single 
lamps, one width of road, and one object position, may be used to deal with meeting 
beams from more than one lamp, an arbitrary road width and any desired object 
position. The way in which the law has been used is explained in detail in the appendix. 


Application of Method 


The situation selected for evaluation in this paper is that in which two vehicles, 
each travelling in the centre of its respective lane, meet on a road 20 ft. wide, so that 
the distance across the road between the axes of opposing sets of lamps is 10 ft. 
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Fig. 5. Measured seeing distances for a small object on the nearside of the road with opposed 
American sealed beam lamps. 


which seeing by silhouette is possible (because the objects are between the cars) from 
that in which it is impossible (because the objects are behind the glare car). The 
minimum seeing distance with the British lamps for objects on the nearside, straight 
ahead, and in the centre of the road, occurs before this dividing line is reached, i.e., 
seeing is most difficult when the object is somewhat nearer to the observer than the 
opposing lamps. 

For comparison, Fig. 5 contains the seeing distances obtained in Holland(!) for 
an object 16 in. high with a luminance factor between 9 per cent. and 10 per cent. 
placed about 18 in. inside the nearside lane, in a test arrangement in which both 
vehicles were travelling at 40 miles per hour on a road about 20 ft. wide. American 
sealed beam lamps were used in these tests. It is immediately obvious that the 
scatter in the results from full-scale tests of this kind is considerable. Most of the 
measurements, however, lie within a zone which has the same general shape as the 
calculated curve for the nearside object with the British lamps, though apparently some- 
what steeper; a further point of similarity is that the absolute values of the seeing 
distances for a mean curve drawn through the measured points would be comparable 
with the calculated values. At the present time insufficient measurements of direct 
seeing distance have been made at object positions other than the nearside one, to allow 
comparison with the remaining calculated curves. 


Conclusion © 

It is believed that the method described in this paper can provide answers to 
problems in vehicle headlighting, solutions to which have previously been attempted by 
means of long and costly full-scale trials. The method has been used to evaluate seeing 
distances for a particular meeting beam. Apart from examining the effects of the 
distribution of light in those regions of the meeting beam affecting the illumination of 
the object and the glaring intensity, other problems, such as the influence of headlamp 
height on beam performance, and the effect of tinted windscreens on seeing at night, 
could be investigated in the same way. 
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Appendix 
Extension of the Basic Data to the General Case 


Fig. 1 enables the seeing distance of the test object in the standard test situation 
to be found for various types of beam distribution from opposing single lamps. Con- 
sideration of the geometry of the meeting situation and the well-known equivalent 
luminance expression for a glare source enable the relationship of Fig. 1 to be applied 
to other arrangements of observer, object and glare source, so that the way in which 
seeing distance varies as two opposing vehicles approach one another can be 
investigated. 

Thus Luckiesh and Holladay(3) found that the effect on the perception of the 
threshold differences of luminance of a light source in the field of view is the same 
as a veiling luminance superposed on the object and background alike. The expres- 
sion for the equivalent veiling luminance may be written 

kG 
D2 gr 
in which 

G=glaring intensity, 

@ =angle subtended at the observer’s eyes by the line joining object and glare 

source, 

D=distance between observer and glare source, 

and & and » are constants. 

The equivalent veiling luminance from a number of lamps is obtained by summing 
their individual values. It will be seen from this expression that the glare effect of a 
given intensity G is a function of its location with respect to the observer, both as 
regards its distance and its direction. 

Static outdoor experiments show that the value of the integer n is not very different 
from 2(2). Assuming this value of » applies also to dynamic tests, and considering 
the general situation of a glare source, object and observer shown in Fig. 6, we have 
approximately for the angle @ between the observer’s line of sight and the line joining 
observer and glare source, 


Jf x—xP+(y—y’? 











* d+r 
in which 
: a ae 
see ie 
y =h+ ip h-y 
d 


Thus the denominator of the glare term D?6§?, which is approximately equal to 
(d+r)2 @2, becomes 


2 
(x—p)? + (y—A? + a [?-2p-0-A) (h-z)| + 5 [P+c-2] 


an expression in which specific values can be assigned to the various parameters for 
the meeting situation at any particular instant. 
Substitution of the values appropriate to the test situation enables the denominator 
to be evaluated in terms of the distance d; thus for the test situation 
p = —0.75, r= —10, x = 9.25, 
and for ct wae of comparing practical meeting beams it has been assumed that 
y= 29)'2 = 4.17. 
The values of the denominator for the test situation are given in Table 1 for different 
Values of d. 


Substitution of other values of p, r and x corresponding to movement of the 
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Table 1 
Values of the Denominator of the Glare Term for the Test Situation 
Denominator = 101 20 10.17 4 = x 7.6914 
d Denominator (Dj) 
(ft ) 
50 97.24 
100 99.04 
150 99.68 
200 100.00 
250 100.20 
300 100.33 
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object across the road, and of the glare source along and across the road, enables the 


EVALUATING SEEING DISTANCES ON A STRAIGHT ROAD FOR MEETING BEAMS 


denominator to be calculated for other situations. 

For a given value of d, the resultant glare effect for a situation in which p, r 
and x differ from those of the test situation, will be proportional to the ratio of the 
value of the denominator calculated for the test situation, to that appropriate to the 
situation under investigation. Thus for any situation the glaring intensity is con- 
verted, both for distance and direction, into an equivalent intensity at the standard 
test situation, which would produce the same glare effect at the observer's eyes. The 
ratio of the value of the denominator at the test situation to that at any given 
situation has been called the “ glare multiplying factor.” It is the factor by which the 
glaring intensities obtained from the beam distribution diagram at given values of d, r 
and x must be multiplied to convert them to equivalent glaring intensities at the 
same value of d, but at the values of r and x corresponding to the test situation, 
taking into account differences in the position of the object across the road in the 
two cases. 

In this way the relationship given in Fig. 1 can be applied to calculate seeing- 
distance curves as two vehicles approach one another (different values of r) for 
different object positions across the road (different values of p), for meeting beams 
from more than one lamp (different values of x). 


The Method of Calculation for Double-Lamp Meeting Systems 


Fig. 7 shows the general arrangement for two opposing vehicles on each of 
which the meeting beam comes from two lamps. 

The glaring intensity directed towards the eyes of the observer at a given 
separation d of the observer and the object is found by first determining the angles 
a, and ag, which represent the sideways displacements of the observer from the 
two opposing lamps, and also the angle 8, which represents the angle between a 
horizontal plane and a plane joining the observer's eyes to the centres of the opposing 
lamps. These angles, and the similar angles y and § for the object, also form 
the co-ordinate system in which the beam distribution of Fig. 3 is plotted. From Fig. 7 








S+a 
tan a, = > 
a+r 
$-—a@ 
aA 6. = 
a+? 
| Senet 
tan B " Tas 


in which s has a positive sign when measured to the right of the observer, and r is 
positive when the object is between the opposing lamps. 

For a given meeting situation a, r, s, y and z will be constants and d a variable. 
The values of a, and f obtained for the nearside lamp, and similarly the values 
of a, and f for the offside lamp, are then plotted on the respective beam distributions 
of the opposing lamps to find the glaring intensities of each lamp at different separa- 
tions of the object and observer. These glaring intensities are multiplied by the 
appropriate glare multiplying factors to convert them to equivalent glaring intensities 
for the standard situation, and the sums of the resultants for the two lamps are 
plotted on Fig. 1 with distance d as ordinate, and the points joined to form a continuous 
curve. From the readings obtained at the intersections of this curve with the curves 
of constant beam intensity on the object, another curve can be drawn relating the 
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Table 2 
Values of the Glare Multiplying Factor D,/D2 





(Dz is the value of the denominator of the glare term at situations other than the test arrangement) 



















































































Object Glare Observer Glare multiplying factor at the following values of r 
position lamp position 
position d | 
p x +1000} +500|+200 | +100] +50] 0 | -50 ! -100 
(ft.) (ft.) (ft.) (ft.) (ft.) | (ft.) | (ft.) | (ft.) | (ft.) (ft.) (ft.) 
— 3.75 10.75 100 0.028 | 0.075 | 0.189 | 0.286 | 0.362 | 0.469 | 0.621 | 0.837 
150 0.052 | 0.120 | 0.248 | 0.336 | 0.396 | 0.472 | 0.568 | 0.689 
200 0.076 | 0.159 | 0.289 | 0.365 | 0.415 | 0.473 | 0.543 | 0.627 
250 0.100 | 0.191 | 0.317 | 0.385 | 0.426 | 0.474 | 0.529 | 0.593 
300 0.121 | 0.218 | 0.338 | 0.399 | 0.435 | 0.475 | 0.521 | 0.571 
— 3.75 7.75 100 0.031 | 0.088 | 0.247 | 0.403 | 0.537 | 0.743 | 1.068 | 1.576 | 
150 0.059 | 0.148 | 0.340 | 0.489 | 0.600 | 0.748 | 0.949 | 1.221 | 
200 0.089 | 0.202 | 0.406 | 0.542 | 0.635 | 0.750 | 0.895 | 1.078 
250 0.119 | 0.250 | 0.455 | 0.578 | 0.657 | 0.752 | 0.865 | 1.002 
300 0.149 | 0.291 | 0.492 | 0.604 | 0.675 | 0.753 | 0.859 | 0.955 
— 0.75 10.75 100 0.088 | 0.226 | 0.473 | 0.606 | 0.676 | 0.743 | 0.800 | 0.837 
150 0.159 | 0.339 | 0.563 | 0.657 | 0.704 | 0.748 | 0.788 | 0.820 
200 0.228 | 0.420 | 0.611 | 0.683 | 0.717 | 0.750 | 0.781 | 0.807 
250 0.289 | 0.479 | 0.641 | 0.698 | 0.726 | 0.752 | 0.776 | 0.799 
300 0.341 | 0.522 | 0.661 | 0.708 | 0.731 | 0.753 | 0.774 | 0.793 
— 0.75 7.75 100 0.097 | 0.278 | 0.706 | 1.000 | 1.176 | 1.352 1.500 | 1.576 | 
150 0.186 | 0.455 | 0.898 | 1.123 | 1.244 | 1.361 | 1.464 | 1.543 
200 0.281 | 0.600 | 1.010 | 1.187 | 1.278 | 1.365 | 1.445 | 1.512 
250 0.373 | 0.715 | 1.082 | 1.226 | 1.298 | 1.368 | 1.433 | 1.490 
300 0.458 | 0.804 | 1.131 | 1.252 | 1.312 | 1.370] 1.424 | 1.474 
+ 4.25 10.75 50 0.010 | 0.047 | 0.376 | 2.200 | 5.248 | 2.248 | 0.821 | 0.399 
100 0.048 | 0.234 | 2.103 | 5.345 | 4.028 | 2.290 | 1.329 | 0.837 | 
150 0.120 | 0.636 | 4.378 | 4.706 | 3.389 | 2.305 | 1.590 | 1.136 | 
200 0.236 | 1.317 | 5.195 | 4.065 | 3.092 | 2.312 | 1.745 | 1.342 | 
250 0.406 | 2.267 | 5.032 | 3.668 | 2.923 | 2.317 | 1.847 | 1.490 
300 0.640 | 3.339 | 4.667 | 3.413 | 2.816 | 2.320 | 1.919 | 1.601 
4.25 7.75 50 0.010 | 0.042 | 0.294 | 1.492 | 6.926 | 7.339 | 1.547 | 0.597 
100 0.043 | 0.190 | 1.455 | 7.060 |13.47 | 7.475 | 3.119 | 1.576 
150 0.103 | 0.471 | 3.723 |12.19 |12.60 | 7.523 | 4.121 | 2.448 
200 0.192 | 0.912 | 6.780 |13.61 |11.47 | 7.547] 4.780 | 3.150 
250 0.314 | 1.537 | 9.718 |13.32 |10.68 | 7.562 | 5.235 | 3.705 
300 0.474 | 2.358 |11.80 |12.70 |10.15 | 7.572 | 5.568 | 4.149 
+12.25 10.75 50 0.001 | 0.006 | 0.036 | 0.136 | 0.480 | 29.92! — — 
100 0.006 | 0.024 | 0.138 | 0.489 | 1.557 | 30.47 | 4.604 | 0.837 
150 0.014 | 0.053 | 0.294 | 0.985 | 2.868 | 30.67 | 14.90 | 2.213 
200 0.024 | 0.092 | 0.494 | 1.573 | 4.239 | 30.77 | 39.22 | 4.653 
250 0.037 | 0.140 | 0.729 | 2.215 | 5.579 | 30.83 | 89.46 | 8.668 
300 0.053 | 0.197 | 0.992 | 2.887 | 6.853 | 30.87 |167.2 |15.00 | 
+ 12.25 7.75 50 0.001 | 0.006 | 0.032 | 0.110 | 0.331 | 4.576) — o | 
100 0.006 | 0.022 | 0.112 | 0.337 | 0.837 | 4.661 | 36.02 1.576 | 
150 0.013 | 0.046 | 0.219 | 0.593 | 1.290 | 4.691 |524.6 7.094 
200 0.022 | 0.077 | 0.340 | 0.845 | 1.667 | 4.706 | 46.08 | 36.63 
250 0.033 | 0.114 | 0.467 | 1.082 | 1.978 | 4.715 | 22.67 |626.2 
300 0.047 | 0.154 | 0.597 | 1.299 | 2.235 | 4.721} 15.80 |528.1 
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EVALUATING SEEING DISTANCES ON A STRAIGHT ROAD FOR MEETING BEAMS 


distance of the object to the intensity which must be aimed at the object in order that 
it may be seen at that distance through the glare from the opposing lamps. 

To evaluate the beam intensities aimed at the top of the object at a specified 
distance d the values of the angles y, and y,, the sideways deflections of a vertical 
line through the centre of the object from the observer’s lamps, are calculated, together 
with the angle of dip § between the lamps and the top of the object. From Fig. 7 


p+b+ec 
tan y, = os 
tan y . ea 2 
a asf 
eo 
tan § “735 


in which p has a positive sign when measured to the right of the observer. 

For a given meeting situation b, c, f, h, p, and y will be constants, so that by 
substituting values of d the corresponding values of y,, y, and 68 are found and 
plotted on the beam distribution diagrams as in Fig. 3, to find the contribution of 
each lamp to the intensity directed at the object at different separations of object 
and observer. A curve relating beam intensity on the object with its distance away 
can be drawn on the same axes as the curve already obtained relating distance of 
the object to the intensity necessary to see it through the glare from the opposing 
lamps. The intersection of these two curves determines the distance at which the 
18-in. object will be seen for the particular arrangement of object, observer and glare 
source, 

Specific values of r are selected for each of four values of p, and the procedure 
for finding the seeing distance of an 18-in. object is applied at each value of r. The 
seeing distance d is then plotted against d + r, the distance of the approaching vehicle’s 
lamps from the observer, as in Fig. 4. 


The Assumed Meeting Situation 


The situation evaluated in this paper, the results of which are given in Fig. 4, 
is that in which two vehicles meet on a 20-ft.-wide road. The values assumed for the 
various parameters in the expression for the denominator of the glare term are as 
follows : — 


x=g¢+a = 10.75 for the nearside glare lamp, 
x=s—@a@ = 17.75 for the offside glare lamp, 
p= —3.75 for the nearside object, 
p= —0.75 for the object on the axis of the observer’s vehicle, 
p= +4.25 for the object in the centre of the road, 
p= +12.25 for the object on the offside of the road, 
in which p is considered to be positive when measured to the right of the observer, 
h= 1.5 for the height of the object, 
y=2.5 for the height of the lamps, 
z= 4.17 for the observer’s eye height. 


The values of r considered are + 1,000, +500, +200, +100, +50, 0, —50, —100, 
being regarded as positive when the glare source is behind the object. Calculated 
vaiues for the glare multiplying factor are given in Table 2. These, being independent 
of the particular beam distributions, may be employed in evaluations of other beam 
distributions without recalculation. 
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A Comparison of Some Common Headlight 


Beams for Vehicles Meeting on a Straight Road 
By V. J. JEHU, MSc., A.Inst.P. 


Summary 


A method of evaluating direct seeing distances, when two vehicles meet 
on a straight road, has been applied to examples of the two common 
headlighting systems in current use: one representing British and American 
practice, and the other representing European practice. 

It is shown that the British beam gives better seeing along the nearside 
road verge, the European beam gives better seeing along the centre of the 
road, and that straight ahead of the vehicle seeing is about the same with 
both types of beam. The sharper cut-off European beam is more affected 
by vertical misaim than the British beam and, when facing one another, 
seeing with the British beam is improved at the expense of seeing with the 
European beam. 

A comparison of the double-lamp British system with a system in which 
the meeting beam comes only from the nearside lamp, tilted upward so that 
its forward horizontal intensity is the same as that from the two lamps, 
shows that throughout most of the meeting seeing distances are very nearly 
the same, even when the single lamp faces the double-lamp system. During 
the later stages of the straight-road meeting, however, recovery from the 
minimum seeing condition is more rapid when facing the single lamp. 


Introduction 


Many different solutions to the problem of glare from headlamps have been pro- 
posed, but so far as conventional headlighting is concerned two types of beam pattern 
for the meeting beam are far more commonly used to-day than any others. They 
are the British or American type of beam, and the European type which has a much 
sharper and flatter cut-off. Two headlights are almost universally carried, and each 
produces a driving and a meeting beam. Modern British headlights may be regarded 
as a variant of the American pattern to suit local conditions. 

In a previous paper(!) a method was described by which the seeing distances of 
small test objects could be evaluated for any meeting beams on a straight road: the 
method has now been applied to the two common types of meeting beam. The meeting 
beams considered are the British block lens double-dipping system, representing British 
and American practice, and a French system representing European practice. A com- 
parison has also been made between single- and double-lamp meeting beams. 


Description of Meeting Beams 


The beam distributions chosen to represent the two systems are given in Figs. 
l and 2. 

Fig. 1 shows the meeting beam for one British block lens headlamp. It is typical 
of British and American headlamps, which are aimed by means of the driving beam in 
relation to which the meeting beams are both dipped and deflected to the nearside. 

In Fig. 2 is shown the meeting beam from one lamp of the European sharp cut-off 
system taken from results obtained by KEMA in Holland for the international beam 
comparisons which were made there in 1949(7). European lamps are aimed hori- 
zontally by means of the driving beams and vertically by means of the horizontal 
cut-off of the meeting beams, which are not deflected to the nearside in relation to the 
driving beams. Less light is emitted above the horizontal plane by European meeting 
beams than by British or American beams. 
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Fig. 1. Beam distribution from one lamp of the British meeting system. 
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Fig. 2. Beam distribution from one lamp of the European meeting system. 


Method of Calculation 


The method of evaluating seeing distances for a given meeting beam, facing an 
oncoming meeting beam, has been described in detail elsewhere(!). The method is 
based on experimental data, obtained with beams of uniform intensity, correlating the 
beam intensity directed at a specified object, the glaring intensity of the opposing lamp, 
and the distance at which the object was identified, in a standard test situation. To 
evaluate the seeing distances glaring intensities at specific distances are first evaluated 
from the beam distribution diagram and the geometry of the test situation. The experi- 
mental data is then used to find the beam intensities needed to see the object against 
the glaring intensities at the various distances. The distance at which the intensity 
directed at the object becomes as great as that required to see the object against the 
glare is the distance at which the object will first be recognised. The law that the effect 
of a glaring light varies inversely as the square of the angular separation between the 
glare source and the line of sight enables the basic data to be extended to other arrange- 
ments of object, observer and opposing lamps, so that seeing distances can be evaluated 
for any distance between the vehicles. 

The situation considered in this paper is that in which two vehicles meet on a 
20-ft.-wide road, the lamps of each vehicle being 3 ft. apart (Fig. 3). The height of 
the lamps above the road is taken as 30 in., the observer’s eye height as 50 in., and the 
seeing distances are those for an object 18 in. high with a luminance factor of 7 per 
cent.; four object positions across the road have been considered. 

Table 1 contains the seeing distances evaluated in the comparison of the British 
and European meeting beams. 
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Table 1 


Comparison of British and European Meeting Beams 


COMPARISON OF HEADLIGHT BEAMS FOR VEHICLES MEETING ON A _ STRAIGHT 





ROAD 





(Seeing distances for an object 18 in. high with a luminance factor of 7 per cent.) 







































































Seeing distances with the following opposing beams:— 
Distance 
between British European 
Object object British | European | —4 deg. —} deg. British European 
position | and glare | versus versus versus versus versus versus 
source British | European] British | European | European | _ British 
+hdeg. | +4 deg. 
(ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) 
+1000 202 158 175 118 220 147 
+ 500 186 151 157 109 210 135 
+ 200 171 141 141 98 198 122 
Nearside + 100 166 136 137 96 193 118 
object + 50 164 134 137 97 190 116 
0 165 132 138 98 188 119 
— 50 171 136 148 106 187 127 
— 100 181 148 164 131 191 150 
+1000 163 153 138 110 191 133 
+ 500 142 140 117 96 175 117 
Straight + 200 128 128 108 86 160 104 
ahead + 100 127 124 108 87 157 103 
object + 50 129 123 111 90 155 105 
0 135 126 114 94 158 111 
— 50 148 135 131 105 166 124 
— 100 166 151 154 131 175 143 
+1000 163 163 137 120 191 147 
+ 500 129 140 105 97 156 119 
Object in + 200 91 104 74 73 109 91 
centre of + 100 71 86 55 61 85 76 
road + 50 59 79 43 53 73 68 
0 84 95 67 67 98 86 
— 50 121 121 104 96 130 114 
— 100 150 147 138 125 160 141 
+1000 171 151 137 96 176 148 
Offside + 500 157 147 121 84 170 137 
object + 200 125 131 87 — 149 113 
+ 100 94 108 57 — 120 ~ 
+ 50 66 —- a 92 — 
Vol. XX., No. 2, 1955 71 





f 
H 
H 


Vv. 3. 3360 





€ Opposing 
eee 
%) 4 | is 
: 3 _& 
Ce “he MER 
= (Straight ahead) (Contre of sm _| in 
— | Fig. 3. The assumed ar- 
Rood Bee ed posit ions | Rood rangement of observer, 
serge ‘ez |, _is “9° lamps and object positions 
— , € ona 20 ft. road. 
Observer's | le 
| Pa lomps lz f 
3 Fa 
ace ( 
ri 2 ig i 
Yobserver ’ = 
20' 











Like Beams Correctly Aimed 


Seeing distance curves for the four object positions obtained with the correctly 
aimed British system are shown in Fig. 4, from which it will be seen that the value of 
the minimum seeing distance varies considerably with the position of the object across 
the road. The low values of seeing distance for objects in the centre and on the offside 
of the road correspond to circumstances when seeing by silhouette is considerably 
enhanced owing to the proximity of the glare source to the observer’s line of sight. 
Objects behind the glare source cannot be seen in silhouette, those in front may be. 
The line dividing the region in which seeing by silhouette is possible, from that in which 
it is impossible is shown in Fig. 4. The minimum seeing distance with the British 
lamps for objects on the nearside, straight ahead and in the centre of the road, occurs 
before this dividing line is reached, i.e., seeing is most difficult when the object is 
somewhat nearer the observer than the opposing lamps. 

The corresponding seeing distance curves for the correctly aimed European system 
are shown in Fig. 5. Comparison of the two sets of curves shows that with the 
European system the values of the minimum seeing distance do not vary so much with 
the position of the object across the road as with the British system. It will also be 
seen that, with the European system, the minimum seeing distance for the nearside 
object occurs when the object is at about the same distance from the observer as the 
opposing lamps; for the other object positions the minimum occurs earlier, as with 
the British lamps. 

The minimum seeing distances for the nearside, straight ahead, and centre of the 
road objects are 164 ft., 127 ft., and 59 ft. respectively for the British system, and are 
132 ft., 123 ft. and 79 ft. for the European system. Thus comparing object positions 
in the observer’s own traffic lane, it appears that the British system gives better seeing 
for an object on the nearside, the European gives better seeing for an object in the 
centre of the road, and that the two systems are almost identical as regards straight 
ahead seeing. It should be remembered that the figures refer only to direct seeing, 
and that with both systems an object in the centre of the road will in all probability be 
seen earlier in silhouette. 


Vertical Misalignment 


The conditions assumed for the foregoing comparison of the two meeting beam 
systems include a straight level road and correctly aimed beams. Conditions on the 
road, however, will often be such that one driver wil! benefit at the expense of the other 
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COMPARISON OF HEADLIGHT BEAMS FOR VEHICLES MEETING ON A STRAIGHT ROAD 





This may be due to incorrectly aimed beams, curvature of the road, or slope of the 
road surface, or to any combination of these three factors. 

It is therefore important to consider the effect of misaim on the performance of 
the meeting beams, and this effect becomes of greater importance in assessing the 
relative merits of the two systems in view of the fact that it has been shown that there 
is little to choose between the performance of the correctly aimed beams, at least as 
far as straight ahead seeing is concerned. The method used to compare correctly 
aimed beams can equally well be applied to the problem of misalignment. 

The particular situation examined is that of an observer using a meeting beam 
which is aimed 4 deg. too low, looking against an identical meeting beam which is 
aimed 4 deg. above the correct setting. The procedure adopted is the same as that 
used for correctly aimed meeting beams, except that the glaring intensities are obtained 
from a beam pattern which is elevated 4 deg., whilst the beam intensities aimed at 
the object come from a beam pattern dipped 4 deg. below the correct setting. 

The calculated seeing distances for this condition of misaim are included in 


No silhouette vision Silhouette vision possible 
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Fig. 4. Direct seeing distance curves for objects on a 20 ft. road with the double-lamp British 
meeting beam. 
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Fig.5. Direct seeing distance curves for objects on a 20 ft. road with the double-lamp 
European meeting beam. 
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Table 1, and the percentage losses in the minimum seeing distances for the incorrectly 
aimed meeting beam with the greater dip are given in Table 2 for three object positions 
across the observer’s traffic lane. It will be seen that the European meeting beam with 
its more sharply defined horizontal cut-off is more affected by slight vertical misaim 
than the British beam. Vertical misaim of + 4 deg. is probably the order of accuracy 
which can be achieved with careful aiming of the beams. 

Recently it has been shown that the aim of headlamps in this country is such that 
beams misaligned by as much as 3 degs. are by no means uncommon(3). Some 
account has therefore been taken of the effect of excessive vertical misaim on the 
performance of the two types of meeting beam by evaluating the seeing distances for an 
object level with the opposing lamps and straight ahead of the observer’s vehicle. The 
results are given in Table 3, which shows that the adverse effect of vertical misaim is 
always greater for the European than for the British beam. 


Table 2 
Minimum Seeing Distances for Similar Meeting Beams 
Correctly Aimed and also Misaimed -+- 4 degree 






































Minimum seeing distance : 
of object 18 in. high Puscemtage ines Se 
Meeting Object seeing distance for 
beam position Correct Misalignment beam aimed 4 deg. 
alignment +4 degree too low 
(ft.) (ft.) (per cent.) 
Nearside 164 137 16 
British Straight ahead 127 108 15 
Centre of road 59 43 27 
Nearside 132 96 27 
European Straight ahead 123 86 30 
Centre of road 79 53 33 
Table 3 


The Effect of Vertical Misaim on Seeing Distances 
(Object 18 in, high straight ahead of observer’s vehicle and level with opposing lamps) 





























, : Seeing Percentage loss in 
ne ns “1 distance seeing distance due 
(ft.) to misaim (per cent.) 

Correct 135 0 

+-4 deg. 114 15 

British +1 deg. 97 28 

+2 deg. 71 47 

+3 deg. 50 63 

Correct 126 0 

+4 deg. 94 25 

European +1 deg. 75 40 

+2 deg. 52 59 

+3 deg. <50 >60 
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COMPARISON OF HEADLIGHT BEAMS FOR VEHICLES MEETING ON A STRAIGHT ROAD 











Table 4 
Minimum Seeing Distances with Like and Unlike Meeting Beams 
Minimum seeing distance of Percentage change in 
Observer’s object 18 in. high with the seeing distance 
meeting Object following opposing beams:— compared with like 
beam position opposing beams 
British European (per cent.) 
(ft.) (ft.) 
ba Nearside 164 187 +14 
British Straight ahead 127 155 +22 
Centre of road 59 73 +24 
Nearside 116 132 —12 
European Straight ahead 103 123 -16 
Centre of road 68 79 —14 























Unlike Meeting Beams 


A meeting situation which has caused some concern in Europe is that in which 
drivers use unlike beams, the situation in which one driver uses the European system 
and the other driver uses American lamps being a common occurrence. To evaluate 
seeing distances when unlike meeting beams are used, the glaring intensities of one 
system are coupled with the beam intensities directed at the object by the second 
system. This has been done for the British and European meeting beams; the calcu- 
lated seeing distances are given in Table 1, and the percentage changes in minimum 
seeing distances from those obtained with similar meeting beams are given in Table 4. 

When a British beam meets a European beam the minimum seeing distance with 
the more glaring British beam increases for all object positions in the driver’s own 
traffic lane, from 14 per cent. on the nearside to 24 per cent. for an object in the centre 
of the road; the minimum seeing distances given by the European beam are correspond- 
ingly reduced by from 12 per cent. to 16 per cent. 


Single-Lamp Meeting Beam 

The method of comparing meeting beams has also been applied to beams other 
than those from the conventional two-lamp system. A headlamp arrangement which 
has found favour for a long time in this country, and which is in fact still extensively 
used, is that in which the driving beam is provided by the two headlamps, but the 
meeting beam comes from the nearside lamp only. In its simplest form each headlamp 
produces only one beam, the offside lamp being aimed almost horizontally along the 
road, and the nearside lamp being permanently dipped to avoid dazzle. 

A comparison has been made between the double-lamp and the single-lamp meeting- 
beam systems, using the beam distribution shown in Fig. 1 in both cases, but with 
the single nearside lamp raised to give the same glaring intensity straight ahead in a 
horizontal plane as the correctly aimed double-lamp system. With the particular beam 
distribution given in Fig. 1 this occurs when the nearside meeting beam is raised 0.8 
deg. Glare illumination at the driver’s eyes with these settings is almost always 
somewhat greater for the double-lamp than for the single-lamp system. 

The calculated seeing distances for this arrangement of opposing single beams are 
given in Table 5 and the results are plotted in Fig. 6. The minimum seeing distances 
for the nearside, straight ahead and centre of the road objects are 177 ft., 141 ft. and 
58 ft. for the single-lamp system and 164 ft., 127 ft. and 59 ft. for the normal two-lamp 
system. Seeing is improved a little throughout the meeting for the nearside and straight 
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Table 
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Comparison of Single- and Double-Lamp Systems 
(Seeing distances for an object 18 in. high, with a luminance factor of 7 per cent.) 
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Seeing distances with the ; 
following opposing beams :— 
Double Single nearside Double Single 
lamps__|lamp raised 0.8 deg. lamps lamp 
versus versus versus versus 
double Single nearside single double 
lamps_ | lamp raised 0.8 deg. lamp lamps 
(ft.) (ft.) (ft.) (ft.) 
202 209 205 204 
186 194 192 188 
171 181 179 171 
166 177 176 166 ahe: 
164 178 177 164 wor 
165 180 179 166 the 
171 188 187 171 
181 200 198 181 duri 
een comnnian cama ciation — clos 
163 170 168 166 all 1 
142 151 149 143 witk 
128 141 140 128 
127 143 142 127 sing 
129 147 146 129 stra: 
135 156 154 135 fror 
148 170 168 150 enct 
166 187 184 168 witk 
163 161 166 159 a fa 
129 122 128 123 that 
91 79 88 83 the 
71 61 74 58 the 
59 64 84 <50 two 
84 108 116 72 
121 140 145 116 
150 169 173 147 
aig a ae RA TRA RG: is; dete 
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157 154 158 154 
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66 — — ———P (2) 
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DISTANCE BETWEEN OBSERVER AND OPPOSING LAMPS — feet 


Fig. 6. Direct seeing distance curves for objects on a 20 ft. road with a single-lamp British 
meeting beam. 


ahead objects. Direct seeing for the object in the centre of the road is somewhat 
worse than that with the two-lamp system in the early stages of the meeting, although 
the minimum seeing distance is about the same. 

The most noticeable difference between the single- and double-lamp systems occurs 
during the later stages of the meeting, when the opposing vehicles are comparatively 
close together. In these circumstances the rise from the minimum seeing distance for 
all three object positions in the driver’s own lane is more rapid with the single- than 
with the double-lamp system. 

A common situation on the roads in this country at present is that in which the 
single-lamp system meets the double lamps. The seeing distances evaluated for this 
straight road meeting are included in Table 5. Again the most important differences 
from the situations in which like beams meet occur during the later stages of the 
encounter, seeing with the double-lamp system being improved at the expense of that 
with the single-lamp system. 

It appears therefore that when vehicles with properly aimed headlamps meet on 
a fairly narrow straight road, two lamps are not better than one. This is not to say 
that two lamps are never an improvement on one. It is undeniable, for example, that 
the extra illumination across the road from two lamps is better for the driver behind 
the lamps; it is also true to say that the chance of seeing an object in silhouette against 
two lamps is greater than that against one lamp. 


Conclusion 


The characteristics of various types of meeting beam in common use have been 
determined for the situation in which two vehicles meet on a fairly narrow straight 
road. 


References 


(1) Jehu, V. J. A Method of Evaluating Seeing Distances on a Straight Road for Vehicle 
Meeting Beams. Trans. Illum. Eng. Soc. (London), 20, 57 (1955). 

(2) Nederlandse Stichting voor Verlichtingskunde. International visibility tests with motor- 
car lighting carried out at Zandvoort (Holland) in October, 1949, in accordance with the 
resolution of the Committee 23b of the “International Committee on Illumination” at 
the Congress held in Paris in 1948. 

3) Jehu, V. J. A Survey of Vehicle Headlights. Trans. Illum. Eng. Soc. (London), 18, 
249-59 (1953). 


Vol. XX., No. 2, 1955 77 








ADDITIONS TO THE LIST OF MEMBERS 


Additions to the List of Members 


The following applicants have been duly elected by the Council to membership in the 


Society and their names have been added to the list of members : — 


CORPORATE MEMBERS : — 


Atherton, E. J. ........... 34, Waterloo Road, Southport, Lancs. 

Sy (ar 52, Pine Road, Tividale Hall Estate, DuDLEy. 

| C ees 82, Hillingdon Road, Stretford, Lancs. 

CO eee. 237, Mosley Street, Blackburn, Lancs. 

Carson, Miss C. ......... Siemens Electric Lamps & Supplies, Ltd., 38-39, Upper Thames 
Street, E.C.4. 

(fa Reneeae eae 236, Alcester Road, Moseley, BIRMINGHAM, 13. 

eee, ©. CC. .........:2 “Willows Brook,” Newfield Road, West Hagley, Worcs. 

| . 36, Fisher Avenue, Rugby, WARWICKS. 

Etchells, EB. H. ............ 44, Arcadia Avenue, Brooklands, MANCHESTER. 

5 | ae 6, Brock Street, Bath, SOMERSET. 

Cris, A. &. ............ 3, Bowden Lane, Marple, nr. STOCKPORT. 

SS ore Francis W. Harris & Co., Ltd., High Street, Leek, STAFFORDSHIRE. 

Hemming, M. J. ......... 30, High Street, Smethwick, STAFFORDSHIRE. 

BI BG OBisaessccnsccacce 18, Cooper Road, Westbury-on-Trym, BRISTOL. 

Las ¢ er 172, Danube Road, HULL. 

BREE. SG Gispassvosssmcased 8, Wade Hall Road, Leyland, Lancs. 

Marsden, A. M. ......... R.M.C.S., Shrivenham, nr. Swindon, WILTs. 

Morley, W. W. ............ Stone Lion, Northwing, BRADFORD, 3. 

MET. Sopcnss-000sen pass 29, Arcadia Avenue, Brooklands, MANCHESTER. 

5 So | See 27, Dunkeld Avenue, Filton, BRISTOL. 

RE EAD, oc scsces ans 2, Venkatesapuram, Madras 4, S. INDIA. 

PUES TRS Es co scccccescescs “Durley Dene,” 113, King George Road, South Shields, 
Co. DURHAM. 

OM MS Be oe covecces ce “ Rivelin,” Whinney Lane, Blackburn, Lancs. 

Pee me ©. ....<...... 518, Mowbray Road, Lane Cove, N.S.W., AUSTRALIA. 

os eee 37, Thurloe Street, S.W.7. 

SR EE, oko scnevnson 42, St. Mary’s Avenue, Whitley Bay, NORTHUMBERLAND. 

Taye, BW. .........:.. 117, Walton Avenue, South Harrow, Mippx. 

IN Bs scsascacncoces 21, Bramley Avenue, SHEFFIELD. 

RI D> Whe oceseccccen sos 11, Campden Way, Handforth, nr. Wilmslow, CHESHIRE. 

WET TMRS oiveseconcsbices 27, Pontefract Terrace, Old Farnley, nr. LEEDs. 


OVERSEAS MEMBER : — 


Waddington, J. K. ...... P.O. Box 1770, Cape Town, SOUTH AFRICA. 


TRANSFER FROM STUDENT TO CORPORATE MEMBERSHIP : — 


78 


PUNE, cris: ebiasos since 272a, Vicarage Road, Kings Heath, BIRMINGHAM, 14. 


Trans. Illum. Eng. Soc. (London), 














Lig 
of i 
the 

and 


of tl 
reve 
been 
the» 
Stan 
light 
form 


coml 
it is 
hithe 
brid; 
preh 


ment 





the E 
manus 


rel, 


e 


js, 


mn), 








Lighting Design and Brightness Patterns— 
a Preliminary Investigation 


By H. E. BELLCHAMBERS, A.M.1.E.E., (Member), and 
K. R. ACKERMAN, B.Sc., (Member) 


Summary 


While almost every aspect of lighting design for the whole visual field 
has been studied and much data accumulated, no single comprehensive 
method of design making full use of this work has been evolved. 

The purpose of this paper is to describe an investigation made with 
the object of devising a method of lighting design in which the type, 
number and arrangement of fittings are determined from a consideration 
of the illumination and brightness patterns required at all surfaces in a 
lighted interior. 

The chief factors to be considered when designing a lighting installa- 
tion are presented and an analysis made of the gp meee state of knowledge 
and practice. Use of the sector flux method of direct illumination calcu- 
lation for linear sources has been checked and extended, a method of 
measuring and expressing the ratio of the direct to total ‘illumination at 
any point in a room is described, and the assessment of glare is considered. 
These factors, direct lighting calculation, the Building Research Station 
glare data, and an experimentally determined inter-reflection ratio are 
combined, leading to the proposition of a new design method which takes 
account of the brightness pattern on all surfaces affecting an interior 
lighting design. 


(x) Introduction 


The conception of interior lighting has recently undergone a considerable change. 
Lighting engineers are becoming more aware of the complex nature of the mechanism 
of interior lighting, knowing something of how its various elements contribute to 
the formation of the final integrated design which is a combination of psychological 
and physical factors. 

These factors, which include light for the task, emphasis and contrast, adaptation 
of the eye, the nature of the general surroundings including comfort and distraction, 
revelation of form and architecture, inter-reflection, colour and decorations, have all 
been studied, and whilst some of them are primarily the province of the architect, 
the lighting engineer must understand them all. Knowing these factors and under- 
standing the interplay of one with another, however, is not enough; the practising 
ae engineer must be able to put any desired combination of them into concrete 
orm. 

Before this can be accomplished it is necessary to express quantitatively the 
combined effect of these factors in terms of illumination, luminance and colour, and 
it is here that difficulty has been experienced. The problem as a whole has not 
hitherto been clearly analysed and stated so that gaps in our knowledge could be 
bridged by further investigation, thus allowing for the development of a more com- 
prehensive method of lighting design.* 

Most lighting problems could be solved by using methods derived from funda- 
mental considerations, but this would be laborious and take an enormous amount of 





Mr. Bellchambers is with the British Thomson-Houston Co., Ltd.; Mr. Ackerman was formerly with 
the British Thomson-Houston Co., Ltd., and is now with the British Broadcasting Corporation. The 
manuscript of this paper was first received on January 12, 1954, and in final form on April 7, 1954. 


* Since the preparation of this paper was begun the matter has been dealt with in detail. See Ref.(13). 


Vol. XX., No. 2, 1955 719 





H. E. BELLCHAMBERS AND K. R. ACKERMAN 


time which in many cases could not be justified. A simple method of solving these 
problems, which can be easily understood and used, is required. 

In the past we have depended upon the lumen method of design as developed by 
Harrison and Anderson, knowing its limitations which have increased with the wide- 
spread use of fluorescent lighting. In America, Moon and Spencer modified and 
extended the lumen method by the introduction of inter-reflection data(!), and this has 
been simplified to some extent by the Quality and Quantity Committee of the American 
LE.S. Harrison and Meaker with glare factors(2) (3), Luckiesh and Guth with border- 
line between comfort and discomfort (B.C.D.)(4) (5) (©), Logan on the basis of natural 
lighting(’), Petherbridge and Hopkinson(®) (9), Vermeulen and de Boer(!%) have all 
contributed to a more satisfactory approach, but inaccuracies and complications remain 
to be resolved. 

For several years lighting engineers in this country have been considering and dis- 
cussing how best to overcome this difficulty, but without very much real progress. With 
this in mind the authors decided to investigate the possibility of finding some new 
approach to lighting design which would include the brightness pattern throughout 
the whole of the visual field. 

The intention was to look into known methods of lighting calculation to see 
which of them could be extended to the whole of the visual field with reasonable 
accuracy combined with simplicity. 

In analysing the problem the conclusion was reached that it was essential to be 
able to specify the required brightness patterns quantitatively, and from this to deter- 
mine the illumination at any point of the room necessary for the production of the 
desired brightness pattern. This illumination would then need to be separated into 
its two components, direct and inter-reflected light. 

It is upon this basis that a new method of design has been attempted which will 
apply to installations where the formation of definite brightness patterns is important, 
‘such as commercial and industrial interiors, drawing offices, restaurants, assembly rooms 
and schools. Where the conditions of the lighted interior are such that inter-reflections 
are small and atmospheric absorption high, e.g., steel mills or foundries, the method 
as a whole would not apply. The lighting design of most domestic interiors, and rooms 
where the flux distribution and brightness patterns are very complex, must remaia 
empirical as it is not easily accomplished by engineering methods. 


(2) Outline of Proposed Design Method 
As already pointed out the problem can be divided into three main sections :— 
(a) Specification of brightness pattern. 
(b) Direct lighting component. 
(c) Inter-reflected light. 
These can now be sub-divided, as follows, to show step-by-step the outline of the 
proposed method, reference being made to the relevant sections :— 

Stage (1). Draw up a specification of the required brightness pattern. (Section 3.) 

Stage (2). Select the lighting fitting considered suitable for the task. (Section 4.) 

Stage (3). From Stage (1) calculate the direct illumination to all relevant parts of 
the room, making use of the inter-reflection data. (Sections 6 and 7.) 

Stage (4). By multiplying direct illumination by the respective areas, determine 
the total direct flux required to illuminate the room, and from a knowledge of 
the light output ratio determine the total number of fittings. 

Stage (5). From a knowledge of the structural form of the building and from 
aesthetic considerations, decide upon the number of rows of fittings. 

Stage (6). Using the value of illumination specified for the task, calculate the 
number of fittings per row. (Section 6.) 


Biw 


Stage (7). Check the glare condition using K = (Section 5.) 





B, 
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se Stage (8). Finally, if desired, the illumination and luminance at any point can be 
calculated. 

y Stage (9). Design any local lighting required. 

B- The major factors involved in the proposed design method are discussed in the 

d following sections. 

AS 

1 


(3) Specifying the Brightness Pattern 


il It is desirable to state the chief function of brightness patterns in rooms and to 
ll see where recommendations can be made which will assist in fixing numerical values 
in to the specification envisaged by the designer. A detailed analysis of brightness 


patterns suitable for all rooms, activities and aesthetic effects is outside the scope of 
5. this paper(!!) (12) (13) ('4). Only the chief purposes of the brightness pattern will 
h therefore be considered. These are :— 
W (1) To reveal the chief object of interest in a manner consistent with visual ease. 
at (2) To grade the brightness over the major surfaces of the room so that there are 
no violent contrasts which might cause discomfort or distraction. 
e (3) To create centres of secondary interest and visual rest centres. 
le (4) To avoid monotony by the use of modelling to reveal texture and form and to 
indicate divisions of architectural surfaces. 
re Colour comes into play in all these things and must be considered when reflection 
r- factors of surfaces are being specified. In the Ministry of Education Bulletin No. 9, 
1e Colour in Schools, we are shown the importance of planning colour and reflection 
fo factors at an early design stage, and this should be done for both natural and artificial 
lighting. 
ll From a consideration of the purpose of a room the brightness pattern can be 
t, related either to the illumination required for the chief room activity, where a specific 
1S task has to be performed and visual efficiency and comfort are equally important, or 
ns to the structure, contents and furnishings of a room where aesthetic effects or display 
rd are the chief considerations. 
ns Where the illumination for the task is of the first importance, the amount can be 
ia determined using the method set out in the L.E.S. Code (1949) pp. 13-17. Since in this 
case the visual task remains the chief centre of interest, its brightness should be 
greatest and its immediate surround less bright, the degree of change being determined 
by size, colour and contrast in the task itself. 
It has been shown(!2) that this grading of brightness from the task outwards should 
continue to the main surfaces of the room which generally determine the adaptation 





level of the eye. The ratio of the luminance of the task to its surroundings which 
will provide ease of seeing with freedom from discomfort will vary with the task. In 
America a 3 to 1 ratio for the brightness of the task to its immediate surround and a 
3 to 1 ratio for the brightness of the immediate surround to that of the general 
surround has been used as a guide in a wide variety of installation designs, but studies 
made at the Building Research Station(8) and experience indicate that this ratio is 


of generally too narrow and inflexible, and that an overall ratio as high as 50 to 1 can 
be quite acceptable in some cases. The choice of a suitable ratio can at present 
Le only be left to a joint decision of the interior designer and lighting engineer, but perhaps 
of with greater experience and the collection of suitable data over a period of time, 
some guidance in the form of a code of practice may be prepared to help the lighting 

m engineer. This code need only suggest limits to avoid discomfort due to glare. 
The other major factor in specifying a brightness pattern is the relationship between 
le the brightness of the lighting fitting and its immediate surround, and the general 


surroundings. In this regard it is suggested that the Building Research Station data(9) 
and modified glare formula(!5) can be used quite satisfactorily (see Section 5). 
Finally, there remain to be considered the areas of interest, visual rest centres, 
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modelling and the spatial divisions of structural surfaces which in particular will be 
closely associated with colour, and the direction of light. The important factor to 
remember is that if great brightness contrasts are desired then the area must not be 
so great as to modify the general adaptation level appreciably, or to cause unwanted 
distraction. 

In specifying the brightness patterns, it is suggested that the following plan would 
help in arriving at decisions on the various luminance values required :— 

(1) Determine the illumination for the task. 

(2) Decide upon a suitable luminance for the immediate surround to the task and 
its reflection factor. 

(3) Decide upon a glare condition which is acceptable for the task in hand or 
purpose of the room. 

(4) From a consideration of the accepted glare condition and the luminance of 
fittings available, decide upon the average luminance and reflection factors of 
walls, ceiling and floor. 

(5) Decide upon luminance and reflection factor of surfaces where modelling is 
required, and also for those surfaces which are intended as visual rest centres. 

Directional lighting, if required, should also be specified alongside the luminance 
values for areas thus illuminated. 


(4) Selection of Lighting Fitting 


Having drawn up the brightness pattern specification the problem arises as to 
how to choose a suitable fitting. From the brightness pattern the desired light flux 
to each surface will be known (taking into account inter-reflections, see Section 7), 
and can be expressed as flux in specified angular zones. If information on the flux 
from fittings in these zones were available the choice of fitting would be facilitated, 
but it must be emphasised that this would act only as a rough guide, since the intensity 
distribution from a number of rows of fittings is similar in shape but not identical to 
that from a single fitting. 

Other factors to consider when choosing a fitting are its appearance and the way 
it merges with or is appropriate to its surround. The light output ratio, although 
important, should not be given undue priority, for comfort must take precedence over 
“fitting efficiency” and accurate control of distribution and brightness cannot be 
obtained without some loss of light. 

The recommended luminance of fittings will vary according to location and the 
amount of brightness grading possible, but 24 candles per sq. in. should be taken as 
a maximum for any fitting within 45 deg. of the line of sight. This applies for 
surround luminance values up to 10 ft.-lamberts. 

It will be seen from the above that adequate photometric data must be available. 
This data should include intensity distribution curves in the plane of the axis of the 
fitting and in that normal to it, the light output ratio and the luminance of the main 
areas of the fitting. Further useful. information would be the polar distribution of 
sector flux, calculated for the particular fitting, and total flux in selected zones. 

The present position in this country is that a few manufacturers provide some 
technical information on their fittings and many provide none at all. In many cases 
the expense of test equipment is the chief deterrent. 


(5) Prevention of Glare 


An essential prerequisite for specifying the brightness pattern is an understanding 
of the inter-relation of the various factors affecting glare. The principal researches 
on this subject have been undertaken in the United States(?) (4), the Netherlands(!°) 
and in this country(*) (9). Comparison of the results, taking into account the differ- 
ences in the experimental techniques, shows sufficient similarity to justify the use of 
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a single modified glare formula as suggested by the Building Research Station(!5). In 
the authors’ opinions the soundest approach is to use this formula as an indication of 
the glare condition, but also to be conversant with the following findings which are 
extracted from the Petherbridge and Hopkinson paper :— 

(1) Increase in the size of a source of high luminance will have greater effect on 
glare than the same proportional increase in the size of a source of low 
luminance. 

(2) Increase in luminance of a large bright source will have a greater effect on glare 
than the same proportional increase in luminance of a small source. 

(3) The glare effect from a number of sources within 45 deg. or at most 50 deg. 
of the line of sight can be taken as additive, and sources at greater angles may 
be neglected, for their effect on discomfort is slight. However, bright sources 
beyond 45 deg., although not uncomfortable, may be distracting. 

(4) The glare effect from a number of sources of equal luminance is the same as 
that from a single source of equal apparent area. 

(5). As the luminance of the intermediate surround to a glare source is increased 
beyond that of the general surround, the glare is first reduced and then increased 
as the intermediate surround becomes an additional glare source. The maximum 
reduction in glare occurs when the luminance of the immediate surround lies 
between that of the general surround and that of the source, but if conditions 
are acceptable, grading the surround proves of little or no value. 

(6) A modified glare formula(!5) has been derived which is restricted to interior 

2 


lighting conditions. Glare constant K = Baw 





b 
where B, = luminance of source (foot lamberts) 


B, = luminance of background (foot lamberts) 
w = angular subtense of source (steradian). 
The values obtained from this formula are best interpreted from the following 

















table :— 
K Criterion of discomfort (condition of no visual task) 
3,000 Just intolerable | 
3,000-600 Uncomfortable but not intolerable 
600 Just uncomfortable | 
600-120 Distracting but not uncomfortable | 
120 Just acceptable 
120-24 Acceptable but not imperceptible 
24 Just imperceptible 





(6) Calculation of Direct Light 


The direct illumination from point sources at any point can be found with 
relative ease, though where a large number are present the process may be laborious. 

Dealing with rows of fittings whether using fluorescent or tungsten sources gives 
rise to two major difficulties. Firstly, sources have widely differing polar distributions 
and secondly, they are in the majority of cases three dimensional in form. 

A number of possible methods which would enable illumination from three dimen- 
sional sources to be calculated for points in any plane have been investigated, and it 
was concluded that no single simple method could be applied to all conditions. Con- 
sequently, a method which gives reasonable accuracy over a large range of conditions 
must be accepted. The conclusion has therefore been reached that application of 
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the sector flux method proposed by Einhorn(!®) will lead to the smallest errors con- 
sistent with simplicity, because the variation in polar distributions is taken into 
account and, for sources which are long compared to their other dimensions, errors 
due to width and depth are small for all points not too near the fitting. 

Einhorn’s paper may be summarised as follows:— 

Sector flux (J) is defined as flux per unit length per unit angle. The illumination 
sector flux 
distance 
between the normal and the line joining the source to the surface) i.e., 


on a surface parallel to a long linear source is x (cosine of the angle 


E= 2. cos § 


Where I, is the intensity per foot at the downward vertical, the relation between J and 
I, is a constant for any particular fitting, and is an indication of the shape of the 
axial polar distribution. 

The paper includes curves which enable the illumination from installations of 
finite length to be calculated with facility for vertical or horizontal surfaces, i.e., 
illumination under a finite source=illumination under an infinite source x (1— 4), 
where J is the fraction of the illumination lost owing to the ends of the source being 
at a finite distance. 

Having applied this method to practical installations and investigated its range 
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Table 1 
Key Letter Description J/Ig Factor 
xXx Constant Intensity 2.00 
4 Cosine Distribution 1.57 
Z Cosine’ Distribution 1.33 
A Matt Reflector 1.61 
B Specular Reflector 1.47 
Cc Flush Mounted 040 Perspex 1.44 
D Louvred with Perspex Sides 1.38 
E Flush Mounted Deep Louvres 1.12 
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of applicability, it is found to be both reasonably simple and accurate. Polar curves 
in the plane of the axis of the source and in the plane normal to it, as published by 
some manufacturers, provide sufficient data for its application. 

A number of practical fittings have been photometered and an analysis made 
of the relationship between the shape of the polar curves and the J/I, factor. It was 
found that the polar curve of intensity (or intensity/foot) in the plane through the 
axis of the source is directly related to the J/I, factor, as might be expected from 
theoretical considerations. Some of these curves and J/I, factors are shown in Fig. 1 
and Table I, and should enable the lighting engineer to estimate the value of this factor 
for any fitting under consideration. The fall-off in illumination due to the ends of 
sources is shown in Fig. 2 and Fig. 3, which have been! derived from measured data 
on the above-mentioned practical fittings. They agree well with Einhorn’s theoretical 
curves but, covering a rather wider range, should prove of value. 

The following points are derived from experience with the method, and photo- 
metry of fittings:— 

(1) If the radial distance of the point from the source (R) is less than five times 
the effective width of the source, the source cannot be considered linear and 
errors in excess of 10 per cent. will occur. 

The theory as at present developed applies only to souroes with an axial dis- 

tribution such that the maximum intensity occurs at the downward vertical. 

Errors may occur when calculating the illumination on surfaces near to the 

source, and particularly on vertical surfaces normal to its axis due to width and 

depth dimensions becoming relatively important. 

(4) The set of curves Fig. 2 applies for all planes parallel to the lamp axis, i.e., 
floor and side walls. 

(5) The shape of the polar distribution in the plane through the axis is effectively 
the same for all such planes. 

(6) The J/I, factor, in addition to its use in the sector flux method, is a useful 
means of specifying the shape of the polar distribution from a source in its 
major axis and has been used for this purpose throughout the paper. 


{2 


— 


(3 
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(6.1) Illumination on the Work Plane 


The design method proposed arrives at the total number of fittings and the rows 
in which they are arranged from a consideration of the brightness pattern. The 
illumination on the working plane remains important, however, and has to be con- 
sidered This is done in the following manner. Accepting the number of rows of 
fittings as decided, take the central point in the room and the required direct illumina- 


tion (E, ) at that point then becomes E=5 cos @ and the sector flux at any point 

j= ae (where C is the spacing between centres of fittings). 
Therefore: 

pg, — WX IIo I, x J/Io 
Foil Cx Re 

where suffix 1, 2, etc., refers to rows No. 1, 2, etc., and suffix a and b refer to the 

end of the source considered. 





cos §, (1 — Aa — A») + 





Cos Qs (1 — Aas — Aye) .........e eee (k) 


The factor (1 — 4) = > where the illuminated plane is normal to the incident 


light, may be obtained from Figs. 2 and 3, and C is the only unknown. Hence we 
have the spacing per row. 

A compromise may be necessary between the requirements of the general bright- 
ness pattern and that of the working plane illumination, i.e., it may not always be 
possible to find the ideal fitting. 


(7) Calculation of Inter-reflected Light 


Little work has been done in the last five years on inter-reflections. In 1946 com- 
prehensive tables were prepared by Moon and Spencer (!) (!7), based upon the theoreti- 
cal work of Buckley(!*), and presented in simplified form by the Quantity and Quality 
Committee of the American I.E.S. ('9) (2°), These tables enabled the total amount of 
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light including inter-reflections to be derived for various surfaces. There are, however, 
practical difficulties in the way of applying them to a lighting design:— 


(1) They are not suitable for point by point application, being averages for a surface. 


(2) They require a knowledge of the amount of light flux falling on each surface, 
determination of which is a laborious process in most instances. 


(3) Though it is relatively simple, by this method, to obtain the final luminance: of 
a surface knowing the direct illumination falling on it, the reverse procedure, 
ie., deriving the direct illumination necessary to produce a specified final lumin- 
ance, is extremely complex. (It is possible to derive a formula to give the desired 
results, but it is so long and requires so many ratios to be obtained from tables, 
each of which usually necessitates one or more interpolations between the pub- 
lished figures, that its use is quite impractical.) 


In the form in which these tables are presented in the American I.E.S. Handbook 
(2nd Edition), difficulty (2) above has been overcome, but (1) and (3) still apply. 
Furthermore, until experimental work is done to check their theoretical values for a 
wide range of practical conditions, some doubt will remain as to the amount of error 
involved in the basic assumption of perfectly diffusing room surfaces. In the course 
of the present investigation an attempt was made by the authors to overcome these 
difficulties from a consideration of fundamental theoretical principles, but a method 
simple enough for practical application could not be found. 

It seemed therefore that an empirical method might help to clarify the position, 
and with this intention a model technique was evolved. It had been found that the 
easiest means of obtaining a precise knowledge of the total illumination to be expected 
in specific installations was to build a model and find the ratio of direct illumination 
to total. This process had been successfully applied to a number of intricate designs. 
To apply this technique generally to all designs was therefore a logical development 
and it was decided to measure a single ratio E totai /Edirect or E,/Eq which would 


Fig. 4. Appa- 
ratus used in 
determination 
of the inter- 
reflection ratio. 
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be very simple to handle. The usefulness of such a ratio will be seen from the fact that 
E, E,+ Eq 
E E, 
In such an investigation there are three major variables to be considered :— 
(1) Polar distribution of fitting. 
(2) Shape of room (room index). 
(3) Surface reflection factors. 


from which E; (the inter-reflected component) could be obtained. 


(7-1) Determination of the Inter-reflection Ratio 


For this preliminary study the surface reflection factors (p) were kept constant, 
the polar distribution of fittings and the room index were varied. The following 
values of » were chosen as being those most frequently found in practice :— 

Ceiling p = 0.75 


Walls p = 0.50 
Floor p = 0.10 
The room index was calculated from the formula 
h (w + 1) 


pda 2wl 
where h, w and 1 are height, width and length respectively. 
This formula was developed by Hisano(?') and he has shown both theoretically 


and experimentally that it applies for K, < 2 and for 2 
Papen E : 
than 10 per cent. These limitations apply to the z_Tatio as they do to the Moon and 


< 4 with an error of less 


Spencer tables, but most practical installations will fall within the above limits. 

The equipment (see Fig. 4) consisted of a 2-feet cubic model room or box, with 
a movable floor which enables the room index to be altered. A removable end wall 
and a side wall were fitted with shuttered windows for the insertion of the cosine 
corrected cell(22), which was used for all measurements. Three }-in. wide slots ran 
the full length of the ceiling for mounting the line sources. These sources (see Fig. 5) 
were of three widely differing polar distributions :— 

(1) Row of silica coated tungsten filament lamps (constant intensity distribution’). 

(2) Strips of 4 in. (type 040) diffusing “ Perspex ” lit by 2-ft. 40-watt fluorescent lamps 
(approximately uniformly diffusing or cosine distribution*). 

(3) Edge-lit } in. clear “Perspex” fitted with deep louvres illuminated as (2) 
(approx. cos? radiator*). 

The interior of the apparatus was painted a matt black and measurements of direct 
illumination taken at a number of points (see Fig. 6) for the three different sources and 
for three room ratios. This procedure was then repeated but with sheets of cardboard 
of 0.50 reflection factor attached to the walls, of 0.10 to the floor and of 0.75 to the 
ceiling. These sheets were fairly matt but no attempt was made to obtain really matt 
surfaces, as the intention was to simulate practical conditions. Care was taken, how- 
ever, to have the surfaces as neutral in colour as possible, since the selective absorption 
of coloured surfaces would further complicate the investigation. 

From the above tests the ratio of total to direct illumination was obtained. 

In all tests the number of rows of fittings was varied to maintain fairly uniform 
illumination across the measuring points on the floor, so that the diversity ratio for 
these points was never below 0.70. The effect of diversity was checked by altering 
the number of fittings for one room index, causing a change of diversity ratio from 
0.85 to 0.50 and E,/E, was found to vary by less than 4 per cent. 

The E,/E, ratios have been obtained as accurately as possible within the limitations 





*The description of the polar distributions in brackets above refer to that in a plane through the 
axis of the source. 
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lat 
Fig. 5. (Left) Model fittings used in 


inter-reflection tests. 
(a) Louvred source, cos? radiator. 
(b) Tungstenincandescent, constant 
intensity source. 
(c) Diffusing source, cos radiator. 
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lly * oh ot 
ess rt “Ft ot 
nd Fig.6. (Right) Diagram showing position of test 
points used in inter-reflection ratio measurements. 
ith of the apparatus and errors greater than + 10 per cent. should not occur. The pro- 
all jected wider investigation will include a variety of reflection factors and some refine- 
a ments in technique in order to achieve an order of accuracy of + 5 per cent. Work 
ae is under way for dealing with the question of the ceiling. Some of the difficulties 
>) which it presents both for assessing the amount of direct and of inter-reflected illumina- 
P tion have been solved, but some remain to be overcome. Where no direct light falls 
*). on a surface it is proposed that the ratio be expressed as E,/Eq (working plane) for all 
- such points considered. This is not likely to occur frequently in the type of installation 
where this method would be applied. 
(2) Comparisons for similar conditions with the Moon and Spencer inter-reflection 
tables have shown a maximum discrepancy of 10 per cent. It is too early to state 
ect on which side the errors: occur, but it will be seen that by using the E,/E, ratio it is 
nd possible, having specified the total luminance and knowing the reflection factors of 
re all surfaces, to derive simply the direct illumination required at all points. 
att (7.2) Results 
W- The inter-reflection ratios for the series of tests so far undertaken are shown in 
on Table 2, and are plotted against room index Kr for each of three sources in Fig. 7. 
Fig. 8 shows the relation between the inter-reflection ratio and source distribution 
for three room indices Kr = 1.12, 0.66 and 0.22. 
rm For any one condition of room shape, reflection factor, and source distribution, 
for it will be seen that the E,/Eg ratios remain reasonably constant for various floor 
ing positions. Therefore judging from the range of conditions investigated, it would appear 
om that where the illumination is fairly uniform, an average floor ratio should be adequate 
for most practical purposes. The curves in Figs. 7 and 8 have been plotted on this 
ms assumption. It should be noted that though these ratios remain constant the absolute 
ia values will vary from point to point depending upon the direct light incident at the 
point. 
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Table 2 
Experimentally determined inter-reflection data for three source types 
Ceiling p = 0.75 
Walls p= 0.5 
Floor p == 0.1 
Room Index 

Inter-reflection Ratio Et/Eq 
Point Floor A 3.60 2.69 1.65 
sources B 3.62 2.76 1.58 
J Cc 3.66 2.76 1.72 
— =2.0 D 3.52 2.75 1.51 
Ig E 3.53 2.80 1.50 
F 3.53 2.88 1.40 
G 3.62 2.76 1.60 
H 3.50 2.80 1.74 
I 3.61 2.81 1.67 
Floor Average 3.58 2.77 1.59 
2.86 2.13 1.55 
K 2.77 2.06 1.66 
Wall Average 2.81 2.09 1.60 
Diffusing Floor A 2.07 1.59 1.46 
sources B 2.06 1.64 1.39 
J C 2.10 1.63 1.36 
— =1.57 D 2.08 1.65 1.50 
Io E 2.10 1.65 1.49 
F 2.13 1.69 1.50 
G 2.15 1.68 1.46 
H 2.16 1.76 1.59 
I 2.16 1.73 1.36 
Floor Average 2.11 1.67 1.46 
1.99 1.56 1.68 
K 2.00 1.80 1.74 
Wall Average 2.00 1.68 1.71 
Louvred Floor A 1.34 1.21 1.18 
sources B 1.29 1.21 1.17 
J “ 1.42 1.25 1.04 
—=1.11 D 1.39 1.27 1.23 
Io E 1.33 1.25 1.23 
F 1.40 1.20 1.06 
G 1.41 1.31 1.18 
H 1.39 1.31 1.16 
I 1.50 1.33 1.10 
Floor Average 1.38 1.26 1.15 
J 1.66 1.52 1.61 
K 1.78 1.72 1.63 
Wall Average 1.72 1.62 1.62 

















(8) Application of Method to School Classroom 


The foregoing method has been applied to a practical example to illustrate its 
application. The room is 30 ft. long x 22 ft. wide and ceiling height 11 ft. 6 in.; the 
room has a large window in one side wall positioned as in Fig. 9. This window will 
be fitted with venetian blinds of the same reflection factor as the walls, which will be 
lowered to their full extent during periods when artificial lighting is used. 

The classroom is one in which daytime and evening classes are held, activities being 
reading and writing, thus visual performance and comfort must be good. 
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From the I.E.S. Code minimum illumination for the task should be 15 Im./ft.2, and 
therefore to ensure adequate illumination 20 Im./ft.2 will be used. Reflection factor 
of good quality white paper is 0.80. Thus the luminance of the task will be 16 ft.- 


lamberts. 


The immediate surround to the task will be almost entirely the table tops, and 
if these are in light natural finish wood the reflection factor will be approximately 
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Fig. 9. Perspective view of classroom, showing surface reflection factors and luminance values in 
ft.-lamberts at various positions in the room. 


0.50 and the luminance 10 ft.-lamberts. For comfortable seeing conditions the visual 
field should be graded outwards and an adaptation brightness or general surround 
luminance of 8 ft.-lamberts chosen. 

Considering now an acceptable glare condition, a glare constant of 120 (Building 
Research Station new glare formula) or smaller will be the aim, i.e., between just 
imperceptible and just acceptable. 

Let the average reflection factors of the walls be 0.5, of the ceiling 0.75, and of 
the floor 0.10, which conform to the inter-reflection tests here presented and at the 
same time are values frequently found in practice. 


Stage (2). 

The choice of a fitting is at the present time limited, and with the above informa- 
tion in mind and particularly the principle of brightness grading, the fitting shown in 
Fig. 9 was chosen. 



































Table 3 
Data used in determination of direct illumination and flux on room surfaces 
. Luminance Inter- Direct 
— Reftection| —— witestion | ae. Flux 
fact - - ratio d Im. 
sq. ft. actor P | iamberts | 1m/ft.? E:/Ea | Im./ft.2 
Side walls, 690 0.5 u 18 1.60 11.25 7,760 
End walls, 506 0.5 i) 18 1.60 11.25 5,690 
Floor, 660 0.1 2 20 1.35 13.30 8,760 
Ceiling, 660 0.75 10 13.3 1.90 7.0 4,630 
ToTAL...| 26,840 
Room Index Kr=0.453. 
92 Trans, Illum. Eng. Soc. (London), 








LIG 
Stage 
is gi 
Stage 
With 
lamp 
speci’ 
Stage 


Stage 


will | 


Fron 


Fron 


Fig. 1 
fitting 


Vol, | 








ual 
und 
ling 
just 


| of 
the 


ma- 
n in 














LIGHTING DESIGN AND _ BRIGHTNESS PATTERNS—A PRELIMINARY INVESTIGATION 


Stage (3). 
The direct illumination required on walls, floor, and ceiling and the total flux 
is given in Table 3. 


Stage (4). 

From Table III the total flux required to all room surfaces is 26,840 lumens. 
With the fitting chosen a light output ratio of 0.6, a maintenance factor of 0.85 and 
lamp flux per fitting 6,400 lumens, eight fittings will be required to satisfy the brightness 
specification. 

Stage (5). 
From a consideration of room size two rows of fittings will be used. 
Stage (6). 
E, (average) is required to be 20 Im./ft.2.. As this is an average value 23 Im./ft.? 


will be necessary at the centre point in the room for a diversity ratio of 0.7. 
For the classroom floor 





E, 23 a 
= 4 ea = hC(C ° t-. 
B= 135 + Ba = yay = 17 Imi 
X 15.00 ; 5 ua P a 
— * ee = 1.61 .. 4, = 0.02 = 4, (from Fig. 2) 


li ha Se Oe 


From Fig. 10 intensity from one row = 865 cd. Cos § = 0.806 a 136 RK = 3:3 


0 
fk 8 a 
‘*, from Equation 1 (page 86) 17 = 2 » 10.96) 0.806 
x od 
: 2x 865 x 1.38 x 0.806 x 0.96 
nih Cae 17x 93 = 1-67) ft. 


From a maintenance factor of 0.85 C = 11.67 x 0.85 = 9.9 ft., therefore convenient 
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Fig. 10. Intensity distribution curve for lighting 
fitting used in classroom lighting example. 
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spacing between centres along the row is 10 ft., three per row, a total of six fittings 
for the two rows. 

We find therefore by the sector flux method that to obtain the required illumina- 
tion on the working plane six fittings are sufficient, whereas the environment requires 
eight. This indicates that the fitting chosen, though not ideal for the purpose, should 
prove satisfactory. If an ideal fitting had been available these two results would 
have been identical. The number of fittings required is now known, but economic 
and architectural aspects have to be considered. A choice of two rows of three general 
lighting fittings and an additional blackboard fitting would be logical, and this is the 
layout chosen for the remainder of the example. 


Stage (7). 

The glare condition can now be assessed. 

The worst position in the room will probably be at the back of the class, centrally 
between rows, at a height of 4 ft. (see Fig. 11). Only those fittings within 45 deg. 
of the horizontal line of sight have been considered (see Section 5.3). The average 
luminance of these fittings is 236 ft.-lamberts and the projected area of the four 
fittings is 0.0179 steradians, see Appendix I. Then 


2362 x 0.0179 
= a= 135. 
. 7.5 " 


Thus the glare will be perceptible but not uncomfortable, and the aim of K = 120 
has, in effect, been achieved. This has been confirmed by both the Luckiesh and 
Guth BCD methods and by Harrison’s glare factor tables. 


Stage (8). 
The design procedure could end there. But to obtain a full knowledge of the 


brightness pattern achieved the luminance values for a few points have been deter- 
mined, see Fig. 12. These tally well with the specification. 





Example: Considering a point at the middle of the side wall 4 ft. from floor, 


Near row of fittings Remote row of fittings 
Intensity 700 cd. 330 cd. (Fig. 10) 
R 8.14 ft. 17.5%. 
ae, 71 
R 1.54 0 
A, A, = 0.02 0.118 (Fig. 2) 
~ 1.38 1.38 (Fig. 1) 
0 
Cos @ 0.676 0.940 
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LIGHTING DESIGN AND BRIGHTNESS PATTERNS—A PRELIMINARY 
Fig. 12. 
100 40 __ 40 90.20 lighting fitting used for lighting blackboard 
10 in classroom lighting example. 
100 Fig. 13. (below) Diagram showing relative 
positions of blackboard and its lighting 
90 fitting in classroom lighting example. 
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Then from equation 1. 
700 x 1.38 330 x 1.38 
E, = ————— (0.96) 0.676 + ———_——— (0.764 0.940 = 9.6 Im./ft.?. 
“a2 i | <0 «|: Mani / 
Since 


Stage (9) 


E,/Eq = 1.60; E, = 9.6 x 1.60 = 15.4 Im./ft.. 
Reflection factor 0.5; luminance 7.7 ft.-lamberts. 


To give comfortable visual conditions and to make the blackboard the focus of 
visual interest, additional lighting is necessary. This can be provided, by an asymmetric 
5-ft. 80-watt fitting, see Fig. 12, and the calculation serves as an additional example of 


the use of the sector flux concept. 


calculated as follows :— 


(1) Ea = 
(2) Zaz a 


(3) Egs = 


Since the 
12.0 Im./ft.2 


5 x 8.06 
total average 


790 x 1.47 
5 x 

930. x 1.47 
5 x 6.4 

1080 x 1.47 


E,, = 21.6 + 12.0 = 


Ey = 12.8 + 12.0 = 


Eis a 
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7.6 + 12.0 = 


1955 


‘ (1—0.21—0.21) 0.800 = 21.6 Im./ft.?. 
(1—0.26—0.26) 0.625 = 12.8 Im./ft.?. 


(1—0.305—0.305) 0.495 = 7.6 Im./ft.*. 


Referring to Fig. 13, the illumination can be 


illumination on this wall from the general lighting is 


33.6 Im. / ft.. 
24.8 Im. /ft.2. 
19.6 Im. / ft.2. 
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(9) Conclusion 

This investigation has been primarily concerned with finding a reasonably simple 
method of interior lighting design which enables the type, number and arrangement of 
lighting fittings to be determined from a consideration of the brightness patterns 
required in all parts of a room. A method of measuring and expressing the ratio of 
the direct to total illumination at any point in a room has been described, and this 
leads to the proposition of a new design method which takes account of the brightness 
pattern on all surfaces affecting an interior lighting design. A considerable number of 
measurements with an improved model will be necessary to produce general reference 
tables which are required to make the method applicable to a wide range of designs. 
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Appendix I 
Calculation of Source Luminance and Area 

Use of the glare formula requires a knowledge of the luminance of the source in 
specific directions. To obtain these values rigorously is not a simple process. One 
possible method is to obtain luminance distribution curves in the two major axes, bul 
this still necessitates a rather dubious interpolation if the point under consideration 
does not lie in the plane of either of these axes, and it may be necessary to obtain 
luminance distribution in additional planes. 

The following method is less complex and involves the simplification of consider- 
ing the source as a plane surface parallel to the floor. It is claimed that for th: 
purposes of glare calculations any error involved will not affect the conclusions reached, 
as precise values are less important than a knowledge of which criterion of glare will 
apply to the installation. 

To obtain the luminance of a fitting viewed from any point, the intensity per 
foot in the direction of the point, and in the plane containing the point and the axis 
of the lamp, is required and in addition the projected area in that direction. The polar 
distribution in the axis of the source (¥ function) measured at the downward vertical 
has been shown to be the same in shape for any other such planes at angles to the 
downward vertical (see Section 5). So the sector flux at all angles is known and the 
shape of the Y function and consequently the intensity per foot at any point can be 
obtained. 

Assuming a plane source as described above, the projected area falls off as the 
cosine of the angle of view 8. Then since luminance is intensity per unit area 


~ A cosB 

osB 
i. 
as an example the classroom described earlier and by reference to Fig, 11, 


Furthermore, the solid angle w required by the glare formula is 





Then using 


B = 73.5 deg. cosB = 0.284 Area per foot length of fitting = = sq. ft. 


136 
cd. per foot. 


Ce 5 





136 7 5 
Luminance = 5x a ~— = 236 ft.-lamberts, and for four fittings in 
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s 4 6.44 ).284 7 
de Abd vew «o « SSS = 00199 uneten 





20.22 
Although this calculation is not exact, as mentioned above, when it is noted that the 


difference between a glare constant of 100 and 200 would be hardly perceptible to a 
trained observer, the method appears justifiable. 
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